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a .  . . 

ABSTRACT 

S p e c t r a l  curves of t r ansmiss ion  have been obtained i n  r eg ions  near 1.6 IJ- 

and 2.3 1 with approximately 0.3 cm-l r e s o l u t i o n  f o r  t h e  fol lowing gases  
a t  1 9 6 ° K :  CH4, CH3C1, CH3F, CH2F2,  CH2C1F,  CHF3,  CHC1F2,  CHC12F,  and 
C 2 H 6 .  Sample p r e s s u r e s  v a r i e d  between 2 . 0  and 2 . 5  t o r r  w i t h  32.9 meter 
p a t h  l eng th .  Pa th  l e n g t h s  up t o  more than  1 k i lome te r  have a l s o  been 
used to study abso rp t ion  by weak C 0 2  bands from 4225 t o  4540 and from 
1140 t o  1800 an-'. I n  t h e  h ighe r  wavenumber i n t e r v a l  most of t h e  
absor  t i o n  i s  due t o  t h e  0 7 I O  band of  C12016016, t h e  00'2 band of 
C1301E018 and t h e  16°04110 band of C12016. The 10'0 and 02OO bands 
o f  C120i6 '  and C12016018 c o n t r i b u t e  most 0% t h e  abso rp t ion  i n  t h e  1140- 
1800 c m - 1  i n t e r v a l .  I n  t h i s  i n t e r v a l  t h e  abso rp t ion  by t h e  symmetric 
C O2 molecule i s  p r e s s u r e  induced. 1 2  16  
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SECTION 1 

INTRODUCTION AND SUMMARY 

The i n f r a r e d  abso rp t ion  by a v a r i e t y  of  gases  of i n t e r e s t  i n  t h e  s tudy of  
t h e  atmospheres of Mars and o t h e r  p l ane t s  has been i n v e s t i g a t e d .  The f i r s t  
phase of  t h i s  l abora to ry  i n v e s t i g a t i o n  has d e a l t  w i th  s e v e r a l  gases  which 
were suspected of occur r ing  i n  small q u a n t i t i e s  i n  t h e  Mart ian atmosphere 
and producing abso rp t ion  near  1 . 6  p and 2.3 p. Absorption s p e c t r a  of  
t h e s e  gases ,  which were p r i m a r i l y  methyl d e r i v a t i v e s ,  were obta ined  i n  
t h e s e  two s p e c t r a 1 , r e g i o n s  wi th  the samples maintained a t  196°K (d ry - i ce  
temperature)  t o  s imula te  t h e  temperature of  t h e  Mar t ian  atmosphere. The 
s p e c t r a l  curves  have been d i g i t i z e d  and a Ph i l co  2000 computer has  been 
used t o  c a l c u l a t e  ex tens ive  t a b l e s  of  t r ansmi t t ance  and i n t e g r a t e d  absorp- 
t a n c e  f o r  each sample. These t a b l e s  as w e l l  as s p e c t r a l  curves  which were 
p l o t t e d  on convenient s c a l e s  have been de l ive red  t o  D r .  Lewis D. Kaplan 
and h i s  a s s o c i a t e s  a t  Jet  Propuls ion Laboratory i n  o rde r  t h a t  they could 
compare them wi th  s p e c t r a l  curves  o f  the  Mart ian atmosphere obta ined  by 
P i e r r e  and Jan ine  Connes.1 Sec t ion  2 summarizes t h e  measurements made 
under t h i s  phase of  t h e  inves t iga t ion .  

The remainder of t h e  i n v e s t i g a t i o n  made use of  Aeronut ronic ' s  unique 
c a p a b i l i t y  of  ob ta in ing  s p e c t r a l  curves wi th  moderate- to-good r e s o l u t i o n  
f o r  samples wi th  pa th  l e n g t h s  g rea t e r  than a k i lometer .  Sec t ion  3 des- 
c r i b e s  a set  of measurements of the C 0 2  abso rp t ion  between 4225 and 
4540 cm-l. 
bands which are  so weak t h a t  very  long abso rp t ion  pa ths  are r equ i r ed  i n  
o r d e r  t o  produce measurable absorpt ion.  This  r eg ion  i s  r e l a t i v e l y  f r e e  
of  abso rp t ion  by gases  i n  t h e  ear th 's  atmosphere, so t h a t  t h e  bands can 
be observed i n  t h e  s p e c t r a  of p l ane t s  conta in ing  l a r g e  amounts of C02 .  
Our l a b o r a t o r y  measurements can be compared w i t h  t h e  p l a n e t a r y  s p e c t r a  
t o  o b t a i n  informat ion  about  t h e  r e l a t i v e  abundances of t h e  va r ious  
i s o t o p e s  of  C and 0. 

Most of t h e  absorp t ion  i n  t h i s  r eg ion  i s  due t o  t h r e e  
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The results of a set of measurements of the absorption by very weak C 0 2  
bands between 1143 and 1800 cm-l are summarized in Section 4 .  
the,absorption is due to the 10'0 and 02 0 bands of C"0i6 and C 0 0 . 
The transitions giving rise to these bands are forbidden for the symmetric 

C O2 the interactions with neighboring molecules disturbs the symmetry so that 
the transitions can occur. The absorption coefficient for these pressure- 
induced bands is therefore, proportional to pressure. Even at l o w  
pressures, the C12016018 molecule is slightly asymmetric so that the 
transitions are allowed. However because of the slight degree of asym- 
metry and the low abundance of 0lh, long paths are required to produce 
measurable absorption. 

Most of 
0 1 2  1 6  1 8  

1 2  16 molecule at low pressures; however, as the pressure is increased 
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SECTION 2 

1.6 AND 2.3 SPECTRAL REGIONS 

S p e c t r a l  curves  of 9 d i f f e r e n t  gases were ob ta ined  i n  t h e  i n t e r v a l s  
3875-4740 cm-l and 5700-6600 c m - l  w i t h  s p e c t r a l  r e s o l u t i o n s  of 0 .25 and 
0 .3  cm-l, r e s p e c t i v e l y .  
t h e  atmospheres of o t h e r  p l a n e t s ,  p a r t i c u l a r l y  Mars. 
i n  our previous work2 wi th  r e s o l u t i o n  between 1 and 2 c m - l ,  which was 
s u f f i c i e n t  f o r  comparison w i t h  the Mars d a t a  a v a i l a b l e  then. However, 
b e t t e r - r e s o l v e d  s p e c t r a  were required t o  compare wi th  improved Mars d a t a  
ob ta ined  s i n c e  t h e  previous work by D r s .  P ierre  and Jan ine  Connes. 

The gases were suspected of being p resen t  i n  
They were examined 

1 

The in s t rumen ta t ion  and t h e  methods of reducing t h e  d a t a  have been des- 
c r i b e d  previously.  The samples were contained i n  a mul t ip l e -pass  c e l l  
cooled wi th  d ry  i c e .  A custom-made g r a t i n g  spectrometer  was employed 
w i t h  a PbS d e t e c t o r  cooled3 by l i q u i d  Freon 13 (CC1F3) t o  192OK, t h e  
b o i l i n g  p o i n t  a t  one atmosphere. The s i g n a l - t o - n o i s e  was b e t t e r  by a t  
least  a f a c t o r  of 2 w i th  t h e  de t ec to r  a t  t h i s  temperature  r a t h e r  than 
a t  1 iqu id  n i t r o g e n  temperature.  

The s p e c t r a l  curves  were d i g i t i z e d  wh i l e  t hey  were being scanned, and a 
computer w a s  used t o  c a l c u l a t e  t ab le s  of t r a n s m i t t a n c e  and jA(v)dv vs  v .  
Curves of t r a n s m i t t a n c e  were p l o t t e d  on convenient wavenumber s c a l e s ,  
and cop ie s  of t h e  t a b l e s  and curves were s e n t  t o  D r .  L e w i s  Kaplan of 
Jet P ropu l s ion  Labora to r i e s  for study. 

The t a b l e s  and curves a r e  not included i n  t h i s  r e p o r t  s i n c e  they were 
i n o r d i n a t e l y  l a r g e  due t o  t h e  high r e s o l u t i o n  and t h e  l a r g e  s p e c t r a l  
i n t e r v a l s  covered. However, copies of t h e  t a b l e s  and f i g u r e s  a r e  
a v a i l a b l e  from t h e  au tho r s .  Table 2 - 1  c o n t a i n s  a l i s t  of t h e  gases  
s t u d i e d ,  sample p re s su res ,  t h e  in t eg ra t ed  absorptances,  and t h e  l i m i t s  
ove r  which t h e  i n t e g r a l s  were calculated.  A l l  t h e  samples were a t  196°K 
w i t h  a 32.9 meter p a t h  l eng th .  

2- 1 



TABLE 2 - 1  

REGIONS STUDIED AND INTEGRATED ABSORPTANCE 

c 

Gas P r  es s u r  e 'a 'b j b A ( v )  dv 

'a 
- 1  -1 -1 

( t o r r )  (cm ) (cm ) (cm ) 

Methane ( CH4> 2 .5  3871 4703 62.6 
2.2 5649 6210 14 .5  

Methyl Chlor ide  (CH3C1) 2.3 3872 4635 146 
2.3 5640 6210 86.5 

Methyl F l u o r i d e  (CH3F) 2.2 3872 4621 150 
2 .1  5640 6 143  39.5 

Methylene F l u o r i d e  (CH F ) 2.5 3872 4615 170 
2.0 5640 6199 33.3 2 2  

F luo roca rbon  31 (CH2C1F) 2 .1  3872 4618 114 
2.2 5640 6142 59.6 

F l u o r o  f orm ( CHF3) 2.4 3988 4470 59.2 
2.4 5640 6031 9.4 

F reon  22 (CHC1F2) 2 .1  4058 4363 45 .1  
2.2 5640 6000 23.1 

Genet ron  21 (CHC12F) 2.3 4 1  58 4363 21.0 
2.1 5816 6001 30.0 

E thane  (C2H6> 2.3 3872 4735 2 57 
2 .3  5640 6070 91.5 

A l l  samples  a r e  a t  196°K w i t h  a p a t h  l e n g t h  of 32.9 meters. 
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SECTION 3 

C 0 2  ABSORPTION BETWEEN 4225 AND 4540 cm-l 

P i e r r e  and J a n i n e  Connesl have observed some very weak CO 
bands between 4225 and 4540 cm-l i n  t h e  spectrum of Venus? 
obse rvab le  from ground l e v e l  because of t h e  small amount of t e l l u r i c  
a b s o r p t i o n  and t h e  v a s t  q u a n t i t y  of C 0 2  i n  t h e  Venusian atmosphere. 
S ince  t h e  C 0 2  bands a re  very weak, the a b s o r p t i o n  i s  expected t o  be 
n e a r l y  p r o p o r t i o n a l  t o  C02 absorber  t h i ckness ,  u, even a t  t h e  r e l a t i v e l y  
low p r e s s u r e s  i n  t h e  upper atmosphere of Venus. Therefore ,  information 
de r ived  from t h e s e  bands, a long w i t h  i n f o r  i on  on o t h e r  bands whose 

determining t h e  equ iva len t  absorber  t h i c k n e s s  and p r e s s u r e  of t h e  p o r t i o n  
of t h e  Venus atmosphere observed by i n f r a r e d  instruments .  

abso rp t ion  
These were 

a b s o r p t i o n  i s  n e a r l y  p r o p o r t i o n a l  t o  (u p) v5 , should be va luab le  i n  

W e  have i n v e s t i g a t e d  t h e  abso rp t ion  by very l a r g e  samples between 4225 
and 4540 cm'l  i n  o r d e r  t o  provide bas i c  information about  t h e  s t r e n g t h s  
o f  C02 bands and t o  a i d  i n  t h e  i n t e r p r e t a t i o n  of s p e c t r a  of p l a n e t a r y  
atmospheres con ta in ing  l a r g e  amounts of CO A p rev ious  r e p o r t 4  covered 
t h e  a b s o r p t i o n  above 4540 cm-l, but  t h e  r eg ion  immediately below was not 
included.  S ince  t h e  bands between 4250 and 4540 a r e  ve ry  weak, w e  
employed t h e  l o n g e s t  abso rp t ion  path p r a c t i c a l  (1187 m) f o r  q u a n t i t a t i v e  
measurements w i th  samples of pu re  C02 a t  2.50 a t m .  
s p e c t r a l  curves  obtained f o r  t h e  sample. The curves a r e  r e l a t i v e l y  no i sy  
s i n c e  t h e  t r a n s m i t t a n c e  s c a l e  has  been expanded and t h e  s l i t w i d t h s  were 
k e p t  s m a l l  ( s p e c t r a l  r e s o l u t i o n  
s t r u c t u r e .  Most of t h e  r e a l  s t r u c t u r e  can be d i s t i n g u i s h e d  from t h e  
n o i s e  by comparing a l l  f i v e  curves.  

2: 

F igu re  3-1 shows 5 

0.25 cm-l) t o  r e s o l v e  much of t h e  
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Since  t h e  absorptance was small ,  the major source of e r r o r  w a s  i n  p l a c i n g  
t h e  zero-absorptance curve on t h e  sample curve. S m a l l ,  long-term v a r i a -  
t i o n s  i n  t h e  d e t e c t o r  s i g n a l  due to  changes i n  t h e  o p t i c a l  alignment,  t h e  
source b r igh tness ,  o r  a m p l i f i e r  gain n e c e s s i t a t e d  e x t r a  c a r e  i n  o r d e r  t o  
reduce t h e s e  e r r o r s .  The following procedure w a s  followed. Five s e p a r a t e  
curves  of t h e  sample descr ibed above were d i g i t i z e d  and scanned over t h e  
4250-4600 cm'l region.  Four zero-absorptance curves were a l s o  scanned 
over  t h e  same reg ion  w i t h  t h e  abso rp t ion  c e l l  evacuated. Af t e r  each 
cu rve  w a s  scanned, t h e  d e f l e c t i o n  was checked a t  a few wavelengths and 
compared w i t h  t h e  curve; i f  t h e r e  w a s  evidence of d r i f t  du r ing  t h e  scan, 
t h e  curve was d i sca rded  and another one w a s  scanned. There were s m a l l  
d i f f e r e n c e s  i n  t h e  d e f l e c t i o n s  of t h e  v a r i o u s  zero-absorptance curves a t  
t h e  same wavelengths, bu t  w e  found a l l  four  agreed q u i t e  w e l l  i f  they 
were normalized t o  t h e  same va lue  a t  some p a r t i c u l a r  wavelength, From 
t h i s  w e  concluded t h a t  t h e  f r a c t i o n a l  change i n  t h e  s i g n a l  w a s  e s s e n t i a l l y  
t h e  same a t  a l l  wavelengths i n  the i n t e r v a l  of i n t e r e s t .  A "master" zero- 
abso rp tance  curve w a s  obtained by averaging t h e  fou r  s e p a r a t e  ones a f t e r  
each had been normalized. 

We found t h a t  when t h e  master zero-absorptance curve was renormalized t o  
f i t  a p a r t i c u l a r  sample curve near 4225 cm-I t h e  two curves were essen- 

t h a t  t h e r e  was no a p p r e c i a b l e  abso rp t ion  by bands whose c e n t e r s  occur 
near  t h i s  r eg ion  (4225-4350 cm-I). 
abso rp t ion ,  i t  i s  cons t an t  over t h e  i n t e r v a l .  The a p p r o p r i a t e  zero- 
abso rp tance  curve w a s  f i t t e d  t o  each sample curve, and t h e  t r a n s m i t t a n c e  
was determined from t h e  r a t i o  of the d i g i t i z e d  d e f l e c t i o n  of t h e  s a m p l e  
curve t o  t h e  d e f l e c t i o n  of i t s  zero-absorptance curve. A computer w a s  
used t o  perform t h e  c a l c u l a t i o n s ,  and an  automatic  p l o t t e r  was employed 
t o  produce t h e  f i v e  curves shown i n  Fig.  3-1. 

D r .  W i l l i a m  Benedict has compared t h e  curves shown i n  Fig.  3-1 wi th  
Connes' Venus s p e c t r a  which were obtained w i t h  cons ide rab ly  b e t t e r  r e s o l u -  
t i o n .  The long p a t h s  and lower p re s su res  i n  t h e  Venus atmosphere, a long 
w i t h  t h e  b e t t e r  r e s o l u t i o n ,  make it p o s s i b l e  t o  observe more s t r u c t u r e  i n  
Connes' d a t a  than  i n  t h e  l abora to ry  d a t a .  However, t he  l a b o r a t o r y  r e s u l t s  
are r e q u i r e d  t o  determine the band s t r e n g t h s  and l i n e  s t r e n g t h s  necessary 
t o  i n t e r p r e t  Connes' da t a .  D r .  Benedict has  determined t h a t  t h e  bands 
l i s t e d  i n  Table 3 - 1  c o n t r i b u t e  t o  t h e  abso rp t ion .  Those marked w i t h  an  
a s t e r i s k  ("1 are t h e  most prominent i n  Fig. 3-1 .  The Q branches of t h e  
4529.87 cm- and t h e  4416.15 cm'l  bands are e a s i l y  i d e n t i f i a b l e ,  a s  a r e  
s e v e r a l  of t h e  l i n e s  i n  t h e  P and R branches of t h e  lower wavenumber 
band. The t r ansmi t t ance  maximum corresponding t o  t h e  c e n t e r  of t h e  
4508.75 c m - l  band i s  apparent,  while t h e  R branch of t h i s  band ove r l aps  
t h e  P branch of t h e  4529.87 cm'l band. 

t i a l l y  co inc iden t  between 4 2 2 5  and 4350 cm- 1' . Therefore ,  w e  concluded 

Furthermore, i f  t h e r e  i s  any continuum 

5 
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TABLE 3-1 

C 0 2  BANDS BETWEEN 4400 AND 4540 c m - l  

vO Energy I so tope  
c m  

-1 Levels  

:k4416.15 

4485.60 

9~4 50 8.7 5 

4524.9 

4527.28 

;k4529.87 

0 7 l O  

01 '2601  l o  
00°2 

00°2 

1 5 l O  

16°0c01 

1 2 ,  16, 16 

13, 16, 18 

13, 1 6 ,  18  

1 3 ,  16, 17 

13, 16, 16 

1 2 ,  16, 16 

The wavenumbers of t h e  band c e n t e r s  a re  based on va lues  
obtained from Connes ' l  s p e c t r a  of Venus by D r .  William 
Benedict5. 
a s t e r i s k  ( 9 ~ ) .  The numbers i n  t h e  r igh t -hand column r e f e r  
t o  t h e  i s o t o p e s  of C, 0, and 0, r e s p e c t i v e l y .  I d e n t i f i c a -  
t i o n  of  t h e  energy levels  a re  from S t u l l ,  Wyatt, and Plass .6  

The most prominent bands are  marked w i t h  a n  
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SECTION 4 

C 0 2  ABSORPTION BETWEEN 1140 AND 1800 cm-' 

-1 
Most 0: t h e  C 0 2  abso rp t ion  between 1140 and 1800 c m  
and 02 0 bands. The p o s i t i o n s  o f  the c e n t e r s  of t h e s e  bands have been 
c a l c u l a t e d  f o r  t h e  four  most common i s o t o p e s  from t h e  energy l e v e l s  tabu- 
l a t e d  by S t u l l ,  Wyatt, and P l a s s 6  and a r e  l i s t e d  i n  Table  4-1. These 
bands a r e  forbidden f o r  t h e  symmetric C l2OI6 and C I 3 O i 6  molecules a t  
low p r e s s u r e s .  However, as the  pressure i s  inc reased  the  i n t e r a c t i o n  
of t h e  molecules w i t h  t h e i r  neighbors d i s t u r b s  t h e  symmetryt and 
t r a n s i t i o n s  occur.  The abso rp t ion  c o e f f i c i e n t  k ( v )  ( i n  atm cm 
due t o  one of t h e s e  pressure-induced bands is, t h e r e f o r e ,  p r o p o r t i o n a l  
t o  p re s su re ,  and - A T ( \ ) )  i s  p ropor t iona l  t o  p2L. 
mit tance,  p i s  t h e  r e s s u r e ,  and L i s  t h e  p a t h  l eng th .  Because of t h e  
asymmetry of t h e  C15016018 and C12016017 molecules,  they can absorb a t  
low p res su res ,  and t h e  dependence o f  t h e i r  a b s o r p t i o n  on p r e s s u r e  and 
abso rbe r  t h i ckness  i s  s imi l a r  t o  m o s t  C 0 2  bands. 
C13016 would b e  p r e s s u r e  induced and t h e  r a t i o  of i t s  s t r e n g t h  t o  t h a t  
of t i e  corresponding c12016 band i s  probably approximately 1.1 : 9 9 ,  t h e  2 same as t h e  r a t i o  of t h e  abundances of CI3 and C I 2 .  
t h e  s t r e n g t h s  of t h e  C12016018 bands t o  b e  approximately 10 t i m e s  t h a t  of 
t h e  C12016017 bands s i n c e  t h e  asymmetry of t h e  former molecule i s  tw ice  
as much as t h e  l a t t e r ,  and t h e  abundance of OI8 i s  f i v e  t i m e s  as g r e a t  as 
t h a t  of O17. 
lower s t a t e  i s  expected t o  be approximately 4% as g r e a t  as the  a s s o c i a t e d  
fundamental o r  overtone band which ar ises  from t h e  same change i n  quantum 
numbers. T h i s  r e l a t i o n s h i p  i s  based on t h e  assumption t h a t  t h e  s t r e n g t h s  
a r e  p r o p o r t i o n a l  t o  t h e  populat ions of t h e  lower energy l e v e l s  involved 
i n  t h e  t r a n s i t i o n .  
i s  approximately 4% of t h e  00 0 l e v e l .  

i s  due t o  t h e  10°O 

-E$ 
T(*J) i s  t h e  t r a n s -  

Any abso rp t ion  by 

One would expect 

The s t r e n g t h  of each d i f f e r e n c e  band w i t h  0l1O a s  t h e  

A t  room temperature t h e  popu la t ion  of t h e  Olio l e v e l  
0 
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TABLE 4-1 

BAND CENTERS 

Isotope looo 02OO 1 l 1 O - 0 l 1 O  0310-0110 

I 12, 16, 16 1388.20 1285.43 1409.45 1265.11 I 
13, 16, 16 1370.11 1265.84 1388.65 1248.03 

12, 16, 18 1365.89 1259.49 1386.93 1239.29 I 12, 16, 17 1376.03 1272.35 1397.28 1251.98 1 
1 1 

The numbers i n  t h e  f i r s t  column correspond t o  t h e  i s o t o p e s  
of C, 0, and 0, r e s p e c t i v e l y .  
a re  based on energy l e v e l s  t a b u l a t e d  by S t u l l ,  Wyatt, and P la s s .  

Band c e n t e r s  a r e  i n  cm' l  and 
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On t h e  b a s i s  of t h e  above d i scuss ion ,  w e  expect most of t h e  r e s s u r e -  
induced abso rp t ion  t o  b e  due t o  t h e  10'0 and 02OO bands of Cy2016016 and 
t h e  major p o r t i o n  of t h e  i n t r i n s i c  abso rp t ion  t o  a r i s e  from t h e  same 
t r a n s i t i o n s  of t h e  C12016018 band. 
seen i n  Figs.  4-1 and 4-2 which contain s p e c t r a l  curves  f o r  a v a r i e t y  of 
samples covering a wide range of p re s su res  and p a t h  l eng ths .  The curves 
were r e p l o t t e d  from t h e  o r i g i n a l  s p e c t r a l  curves  by t h e  method desc r ibed  
previously.3J4 
approximately 0.45 cm" a t  1200 cm-l t o  0.70 cm'l a t  1500 cm". 
F, G, and H were scanned w i t h  t h e  s p e c t r a l  s l i t w i d t h  approximately 30 per- 
c e n t  g r e a t e r .  

The C12016018 bands have been observe9 w i t h  poorer r e s o l u t i o n  from samples 
enr iched i n  O I 8  by Eggers and Arends. 
c e n t e r s  ag ree  w i t h  o u r s  t o  less  than  t h e  experimental  u n c e r t a i n t i e s .  The 
p res su re -  induced C12016 bands have been observed by Welsh, Crawford, and 
Locke.8 A t  t h e  p f p f g r f g  used i n  t h e  p re sen t  work, t h e  pressure- induced 
component of t h e  C 0 0 abso rp t ion  i s  appa ren t ly  cons ide rab ly  l e s s  
t han  t h e  i n t r i n s i c  component r e s u l t i n g  from t h e  asymmetry. 

This i s  indeed t h e  case,  as can be 

The s p e c t r a l  s l i t w i d t h  f o r  curves  A t o  E v a r i e s  from 
Curves 

Their  p o s i t i o n s  of t h e  band 

2 

The major e r r o r s  i n  t h e  s p e c t r a l  curves r e s u l t  from e r r o r s  i n  p l a c i n g  t h e  
zero-absorptance curves on t h e  sample curves and from a b s o r p t i o n  by H 2 0  
which appeared as an impuri ty  i n  t h e  C02  i n  s p i t e  of e f f o r t s  t o  keep i t  dry.  
Since many s t rong  H 0 l i n e s  e x i s t  between 1300 and 1800 cm", only a t r a c e  
of H 2 0  w a s  r equ i r ed  t o  produce considerable  absorpt ion.  Most of t h e  H20  
a b s o r p t i o n  w a s  accounted f o r  b e f o r e  the curves were r e p l o t t e d  by comparing 
t h e  o r i g i n a l  curves  w i t h  s p e c t r a l  curves of H 0 w i t h  N2 as a broadening 
gas .  Above approximately 1440 cm-l, t h e  c o r r e c t i o n s  were made a t  p.oints 
between t h e  s t r o n g e r  H20 l i n e s ,  and a smooth curve was drawn through t h e  
c o r r e c t e d  va lues  a t  t h e s e  p o i n t s .  Values of t r a n s m i t t a n c e  given by Curve 
H f o r  t h e  l a r g e s t  sample s tud ied  a r e  probably a c c u r a t e  t o  less than  0.05 
between 1440 and 1580 cm". 

1 w a s  observed i n  any of t h e  curves between approximately 1430 and 1860 cm- . 
The curves have no t  been included between 1580 and 1800 ern" s i n c e  t h e  C 0 2  
a b s o r p t i o n  was so s m a l l  and t h e  H20 abso rp t ion  s o  g r e a t  t h a t  r e l i a b l e  
curves  could not  be obtained.  The absorptance by t h e  CO i n  t h e  l a r g e s t  
sample  (H) was probably less than 0.02 
a l s o  caused i r r e g u l a r i t i e s  i n  t h e  s t r u c t u r e  of t h e  Ci20160182bands. 
some p l a c e s  where t h e  H20 abso rp t ion  was s l i g h t ,  t h e  curve w a s  co r rec t ed  
and w a s  drawn as w e  be l i eved  i t  would b e  without  t h e  H20. 
p l aces ,  where t h e  H 0 abso rp t ion  covered an a r e a  which included a s  many as 
5 o r  6 C 0 2  l i n e s ,  no a t t empt  was made t o  r e c o n s t r u c t  t h e  CO 

These p l a c e s  are apparent  i n  Curves A, B, C, and D of Fig. 4-1. I n t e r v a l s  
c o n t a i n i n g  s i g n i f i c a n t  a b s o r p t i o n  by H20 are  i n d i c a t e d  by arrows i n  t h e  
t h i r d  panel  of  Figs .  4-1 and 4-2. Other i r r e g u l a r i t i e s  i n  t h e  curves due 

2 

2 

No s t r u c t u r e ,  except f o r  t h a t  due t o  H 0, 

a t  1800 cm'l T i e  H 0 a b s o r p t i o n  
I n  

I n  a few o t h e r  

s t r u c t u r e .  2 

Ins t ead ,  a smooth l i n e  was drawn t o  r e p r e s e n t  t h e  average C 6 2 absorptance.  
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t o  H 2 0  abso rp t ion  which has no t  been accounted f o r  s t i l l  e x i s  
example i s  near 1260 cm'l, t h e  c e n t e r  of t h e  0 2 O O  band of C 
Considerable  no i se  a l s o  s t i l l  remains i n  some of t h e  curves.  

1 2  €6  llne 0 0 . 

I n  o r d e r  t o  improve t h e  accuracy wi th  which t h e  zero-absorptance curves 
could be placed on t h e  curves,  w e  performed t h e  fol lowing experiment t o  
determine t h e  t r ansmi t t ance  of t h e  l a r g e s t  sample nea r  t h e  ends of t h e  
curves (1140 and 1585 cm-I). W e  c a r e f u l l y  ad jus t ed  t h e  o p t i c s  f o r  maxi- 
mum d e t e c t o r  s igna l  w i t h  t h e  mul t ip l e -pass  o p t i c s  a d j u s t e d  t o  36 passes 
(L = 1067 m) and 1380 t o r r  of pu re  C 0 2  i n  t h e  c e l l .  The d e t e c t o r  s i g n a l  
was measured a t  t h e s e  two wavenumbers and the  p r e s s u r e  w a s  reduced t o  760 
t o r r  where another se t  of measurements were made. The c e l l  w a s  t hen  
evacuated and the procedure w a s  repeated.  The t r a n s m i t t a n c e  of t h e  l a r g e  
sample (P = 1380 t o r r ,  L = 1067 m) w a s  found t o  b e  0.995 (+ 0.005-0.02) 
a t  1140 cm'l and 0 . 7 7  
t i o n  a t  1585 cm'l was due t o  H 0 and the  c o n t r i b u t i o n  by C 0 2  w a s  approxi- 
mately p ropor t iona l  t o  t h e  square of t he  p re s su re ,  as would be expected 
f o r  pressure-induced abso rp t ion .  

0.02 a t  1585 cm-l. Approximately h a l f  t h e  absorp- 

2 

The zero-absorptance curve f o r  t h i s  sample w a s  a d j u s t e d  t o  g i v e  t h e  
proper  t r ansmi t t ance  a t  t h e s e  p o i n t s .  The curves w e r e  a l s o  a d j u s t e d  f o r  
t h e  sma l l e r  samples so t h a t  - h T ( 1 5 8 5  cm-I), a f t e r  account ing f o r  H 0 

w a s  e s s e n t i a l l y  zero.  Below 1140 cm'l t h e r e  was n e g l i g i b l e  abso rp t ion  by 
even t h e  l a r g e s t  sample u n t i l  w e  reached about  1115 cm-', where t h e r e  was 
ap roximately 1 p e r c e n t  absorptance due t o  t h e  wings of t h e  l i n e s  of t h e  
00 1 4 2 ° 0  band. 

abso rp t ion ,  was p r o p o r t i o n a l  t o  p 2 L. For t h e  smaller samples, - k T f 1 1 4 0  cm- 

8 
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